Background : Systematic flexible bronchoscopy (FB) is advocated in the initial management
Methods :
Our aim was to describe and to compare the systematic FB findings of 53 children (6.5 ± 4.4 years; 52.8% boys) with active pulmonary tuberculosis to their initial clinical and radiological (chest X-Ray, n=53; computerized tomography (CT), n=45) features in a 11-year retrospective study.
Results : FB was normal in 51% of the cases. A severe tracheobronchial involvement (extrinsic compression >50% or obstructive endoluminal mass >25% of the lumen) was found in 10 patients. FB guided therapy in 13 cases (steroids n=12, bronchoscopic extraction of a granuloma n=1) and permitted to isolate Mycobacterium tuberculosis in 3 patients (5.7%). No useful information was obtained by FB in 73.5% of the cases. No correlation was found between FB findings and clinical features or X-Ray findings. Conversely, a strong correlation was found between severe bronchoscopic involvement and tracheobronchial luminal narrowing on CT. CT negative predictive value was 100% (95% confidence interval = 91-100%). Based upon CT results, FB could have been avoided in about 60% of our patients.
Conclusions : FB remains a very relevant tool in the diagnostic and therapeutic management of childhood pulmonary tuberculosis but resulted in treatment modification or microbiological proof in a minority of our patients. We propose that FB in children with pulmonary tuberculosis might be limited to those who show tracheobronchial luminal narrowing on an initial CT scan.
INTRODUCTION
Tuberculosis remains a Public Health problem in France and particularly in urban areas (incidence: 8.5/100,000 in 2006). [1] The isolation of Mycobacterium tuberculosis is a challenge particularly in children and microbiological confirmation is obtained in less than 50% of the cases. [2] [3] [4] Treatment is usually initiated only on a high clinical suspicion supported by tuberculin skin test and chest X-Ray results. [5] The development and the availability of tools such as flexible bronchoscopy (FB) and chest computerized tomography (CT) raise the question of their use in the management of childhood tuberculosis. [6] [7] [8] [9] The French national recommendations advocate the systematic use of FB for any child suffering from pulmonary tuberculosis. [10] However, FB is still an invasive procedure which can be associated with a certain morbidity and can require a general anaesthesia. [11] [12] [13] [14] [15] Flexible bronchoscopy indication cannot be solely justified by the low microbiological recovery rate in children, but indeed it is useful to detect a possible tracheobronchial obstruction, to guide potential steroid therapy or surgical intervention.
Systematic FB in such a disease is based on previous studies which reported that tracheobronchial involvement was undetectable by clinical features or chest X-Ray. [16, 17] Nevertheless no study has investigated the role of CT with this view.
The aim of our study is to describe the bronchoscopic findings of 53 children suffering from tuberculosis disease and to compare these results with the data provided by CT.
METHODS AND MATERIALS

Population:
We conducted a retrospective study enrolling children for whom a FB was performed for tuberculosis disease in our department, between 1995 and 2006, our department being the only pediatric bronchoscopy facility for Marseille and surroundings (nearly 2 millions of people). During this period, a FB was systematically performed in children with an abnormal chest X-Ray with lymphadenopathy and a suspected tuberculosis on a positive tuberculin skin test above 15 mm with a 10 TU Mantoux Testing, performed because of a contact history and/or clinical feature evocating tuberculosis. [10, 18, 19] The treatment was composed of an association of isoniazid, rifampin and pyrazinamide for 2 months followed by izoniazid and rifampin for 4 months. [20] The patients medical records were examined for the vaccine statute for the BCG status, a history of close contact with tuberculosis in an adult and the presence at the time of diagnosis of the following symptoms: cough, fever, anorexia, asthenia, weight loss and nocturnal sweats. Patients were followed until the end of treatment, i.e. 6 or 9 months.
Bronchoscopic findings:
Flexible bronchoscopy was performed under general anaesthesia with a laryngeal mask or under local anesthesia and sedation using intravenous midazolam. Lidocaine was then applied locally with a maximum dose of 4 mg/kg. [13] Only 2 operators performed all the exams with a Pentax FB-10X or a Pentax FB-15P. Bronchoscopic findings were localized following lung segmentation and classified as: normal endoscopy ; bronchial mucosal inflammation ; granulation tissue ; extrinsic tracheobronchial compression of more or less than 50% of the lumen ; and obstructive endoluminal mass (polyp or caseum) of more or less than 25% of the lumen. Steroid therapy (prednisone 1 to 2 mg/kg/d) was indicated when the patient had evidence of severe endoscopic involvement: i.e an extrinsic compression of more group.bmj.com on April 21, 2011 -Published by adc.bmj.com Downloaded from than 50% of the lumen or an obstructive endoluminal mass of more than 25% of the lumen.
Four weeks after this treatment was initiated the dose was weaned according to the clinical and radiological evolution, and in some cases on the results of repeated FB.
A bronchial washing in the area of X-Ray abnormality was systematically performed by the instillation and aspiration of 2 aliquots of 5 ml physiologic saline in order to obtain microbiological proof. The samples were screened for acid-fast bacilli, and cultured in adapted medium to isolate Mycobacterium tuberculosis. The other microbiological samples (sputum or gastric lavage) were not obtained from our patients using standardized techniques and could not be used to compare their interest with that of the bronchial washing.
Radiological findings:
All patients underwent both chest X-Ray and CT. As far as X-Ray was concerned, only the antero-posterior view was analyzed. As far as CT is concerned, examinations were 
RESULTS
Patients and clinical features:
During the inclusion period, we performed FB for pulmonary tuberculosis in 67 children. Only 53 of them (28 boys, 52.8%) fulfilled to the definition of tuberculosis disease and had been treated for this indication. Their median age was 5.3 years (range 3 months to 16 years). Eleven patients were aged less than 2 years old (20.8%). Thirty-eight patients (71.7%) had been vaccinated with BCG. A history of close contact with tuberculosis in an adult was found in 52% of the cases. One third of the children (n=18) were considered as being symptom-free at the time of FB. For the other ones, cough (n=25; 47.2%), fever (n=15; 28.3%), weakness (n=15; 28.3%), anorexia (n=13; 24.5%), weight loss (n=8; 15.1%;) and nocturnal sweats (n=2; 3.8%) were found. There was no significant difference between clinical presentation of the children aged 2 or less.
Bronchoscopic findings and consequences:
Seventy-seven percent of FB were performed under local anaesthesia and sedation.
Tolerance was good apart from an episode of nasal bleeding and an episode of transitory hypoxemia without bradycardia. No major complication occurred.
Flexible bronchoscopy was strictly normal in 51% of the cases. Abnormalities are presented in Table 1 . The most frequent abnormality was an extrinsic compression of less than 50% of the lumen (n=13; 24.5%). Severe disease as defined earlier was found in 18.9% of the children (extrinsic compression of more than 50% n=4; obstructive endoluminal mass of more than 25% n=6). Three of the 10 patients with a severe disease were symptom-free. No significant link was found between age, clinical features and the severity of the bronchoscopic involvement.
Twelve patients (22.6%) were given steroids: 10 children with severe bronchoscopic involvement and 2 others with criteria outside our study criteria treatment (1 patient with an group.bmj.com on April 21, 2011 -Published by adc.bmj.com Downloaded from 8 extrinsic compression ranging from 30% to 40% and one with a granuloma obstructing the bronchial lumen of about 20%). For these 12 patients a second FB was performed between 14 and 77 days (mean 28.5 days) after the first one. For 9 of them, the bronchoscopic abnormalities had resolved. Two had stable lesions, and one had worsening bronchial compression. Consequently a third bronchoscopy was performed for these 3 patients of which there was one complete resolution, a partial improvement with a 30% residual reduction of the diameter of the right upper lobar bronchus, and a persistent granuloma requiring extraction by rigid bronchoscopy. No indication for surgical resection was noted during our study period.
For bacterial results, Mycobacterium tuberculosis was isolated from the bronchial washing fluid in only 3 of the 53 patients (5.7%).
Eventually, the initial FB resulted in no treatment modification or bacteriological proof in 73.5% (39/53) of the cases.
Radiological findings and comparison with bronchoscopic findings:
Given the inclusion criteria, all the patients had chest X-Rays consistent with the diagnosis of active tuberculosis disease (Hilar or peritracheal lymphadenopathy n=53, parenchymal lesion n=27, pleural effusion n=3, atelectasis n=2). Chest X-Rays demonstrated no evidence of compression or obstruction in 6 patients out of 10 suffering from severe involvement documented by FB. No link was found between the radiological findings and the age of the patients.
Only 45 patients had a CT performed within the study time i.e. 15 days before FB (range 0-15 days, mean 1 day). Five procedures (11.1%) required sedation. Eight patients (one of them with severe bronchoscopic involvement) were excluded from the analysis because the CT was performed outside the study period. No significant clinical or bronchoscopic difference was found between these 8 patients and the 45 remaining others. The CT abnormalities are described in Table 2 . It's noteworthy that the localization of the group.bmj.com on April 21, 2011 -Published by adc.bmj.com Downloaded from abnormalities was fully concordant between bronchoscopy and CT. Hilar or peritracheal lymphadenopathy was identified in all patients on CT, and in 43 among these on X-Ray (95,5%). Nineteen patients out of 45 (42.2%) had a tracheobronchial luminal narrowing on CT (Table 3) . In this population, the chest X-Ray underdiagnosed luminal narrowing (7/19) and to a lesser extent parenchymal lesions (34/40) compared to CT ( Table 2) . The association between a CT tracheobronchial luminal narrowing and a severe bronchoscopic involvement was highly significant (p<0.001). CT sensitivity to predict a severe bronchoscopic involvement was 100% (95% CI = 74-100%). As the CT abnormality was found in 10 patients without severe bronchoscopic disease (6 with an extrinsic compression < 50% or an endoluminal mass < 25%, and 4 with a normal FB), CT specificity was only 72.2% (95% CI = 65.7-72.2%). On the other hand, the negative predictive value of the CT was 100% (95% CI = 91-100%). Based upon CT results, a normal FB could have been avoided in 26 of these 45 children (57.7%). 
DISCUSSION
The investigational use of FB has led to significant insights into various pulmonary disease processes, but for a surprising number of clinical situations there is either a lack of prospective data or a lack of consensus on the utility of airway endoscopy. [13] For our patients with pulmonary tuberculosis, the use of systematic FB permitted the diagnosis of 49% of bronchoscopic abnormalities, guided steroid therapy in 22.6% of the cases, and for the resolution of lesions, but without providing data on long-term sequelae. [24, 25] In a more recent study performed on 29 patients with an extrinsic bronchial compression of more than 50%, a significant difference was observed in the improvement of a bronchoscopic score when patients were treated with steroids. [26] Others agree on the significance of a rapid antituberculosis treatment rather than steroid therapy to prevent bronchial complications. [27, 28] Bronchoscopic monitoring of patients treated by steroids allowed decision to be made on when to dose reduce. Serial bronchoscopy has confirmed regression of lesions, allowed decisions on extraction of granulomas by rigid bronchoscopy, and observed a case of partial bronchial stenosis. However the evolution seems positive among our population without the need for surgical intervention. In a study on 54 patients suffering from pulmonary tuberculosis and treated with an equivalent treatment identically as we did, de Blic et al.
accounted for 3 resections by rigid bronchoscopy and 2 surgical procedures. [17] However, because of a relative brief follow-up of our patients, we are unable to exclude other sequela such as bronchiectasis or future bronchial stenosis. From our results, future studies might be designed to look at long term sequelae of intraluminal lesions found on CT and at the interest of steroids to resolve lesions and symptoms.
Unlike in adults, FB doesn't significantly contribute to Mycobacterium tuberculosis identification in children. The culture yield of FB was low in our series (5.8%), but this is in keeping with published data with results ranging from 3.8 to 13%. [2, 4, 7, 16, 17] Recommendations for microbiological confirmation in children are based on 3 early morning gastric lavages. [29] When a FB is performed, the yield of the gastric lavage could be improved if it is performed just afterwards. [30] Sputum induction is likely to be a promising technique for young children. Zar and al. have demonstrated that the bacteriologic yield of a single induced sputum sample were equivalent to that of 3 samples of gastric lavage. [31] Flexible bronchoscopy is recommended by numerous authors in the initial management of childhood pulmonary tuberculosis. However this procedure is still relatively uncomfortable for patients. The benefit for the patient might depend on careful evidencebased patient selection. Unfortunately no clinical features are likely to select children with an abnormal bronchoscopy. Moreover, in our study, a third of children with severe bronchoscopic involvement were asymptomatic. Chan and al. showed the low diagnostic value of chest X-Ray, with FB revealing endobronchial disease in 10 of the 30 patients with no radiological evidence of endobronchial tuberculosis. [16] We confirm the very poor group.bmj.com on April 21, 2011 -Published by adc.bmj.com Downloaded from sensitivity of the chest X-Ray which detects severe bronchoscopic involvement in only 40% of our patients. On the other hand, the discovery of a tracheo-bronchial luminal narrowing on CT performed before FB appears to be a relevant criterion to suspect a severe endobronchial disease which could lead to a therapeutic change. The most interesting is undoubtedly its negative predictive value that reaches 100%. To the best of our knowledge, this is the first pediatric study which has investigated this correlation. Because of the low number of patients our results have to be interpreted cautiously. Nevertheless, if the decision to perform FB had been based on CT results alone, about 60% (26/45) of the FBs could have been avoided. The limitations of this kind of management protocol are the administration of radiation and the necessity of sedation/anaesthesia for some children. However in our experience, sedation/anaesthesia has been more often necessary for FB than for CT procedures (23% vs 11%). The rapid evolution of CT technology has allowed for lower radiation exposure and shorter acquisition times. [32, 33] Eventually the use of virtual CT-bronchoscopy, which already has an excellent correlation with bronchoscopy, could improve CT specificity for indicating FB. [34] [35] [36] In conclusion, FB remains a very relevant tool in the diagnostic and therapeutic management of childhood pulmonary tuberculosis. Yet, the decision to perform a FB should be best guided by anticipating the possible therapeutic yields of the procedure, which in our study only targets about 25% of the patients. Thus we propose to limit the initial indication of FB only to patients where initial CT reveals a tracheo-bronchial luminal narrowing. A prospective study should be conducted to validate our management proposal and the interest of systematic CT.
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What is already known about this topic ?
-Flexible bronchoscopy (FB) is usually recommended in active childhood tuberculosis for detecting endobronchial disease, but is frequently normal in such a situation -Clinical or chest X-Ray features don't select children with endobronchial disease
What this study adds ?
-Computorized tomography (CT) performed before FB appears to be a relevant criterion to suspect severe endobronchial involvement -FB could be avoided if no tracheo-bronchial luminal narrowing is found on CT
